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ABSTRACT 

Basic advice for writing computer dialogs for use in 
science instruction is given. At the outset one should decide where 
within the subject area the computer dialog could offer a unique 
advantage over conventional teaching tools. Examples of such 
effective uses are remedial programs, in which a computer dialog may 
rapidly determine a student’s particular weaknesses, and the 
Interactive proof, where the student is allowed to demonstrate 
motivation and originality. In program writing, the model of human 
dialog is an effective tool. The goals, the style and the structure 
of student- computer dialogs are discussed, with samples of good 
dialog usage Included In the appendix. (RB) 
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By a dialog we mean here a "conversation" between a 
student and a teacher, where the teacher is conducting 
the dialog through a medium of a computer program. 
Typically a dialog of this kind follows a pattern such 
as this. First, something will be typed to the student, 
possibly some information. Then the student will be 
asked to reply. Depending on what the studnet put in, 
a number of things might be typed to him next. Several 
samples with student input underlined, are included in 
the appendix. 

Here we want to offer some crude advice to those 
attempting to write such student-computer dialogs. 
Writing a student-computer dialog is a little understood 
process at present, so any advice should be considered v 
as subjective r and should not be taken too seriously I 
Nevertheless some tentative experience cam be brought 
to the attention of the teacher who is working on such 
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material- This document attempts to do this, using 
the experience in the Physics project at the University 
of California, Irvine, as the basis. 

SUBJECT AND TYPE 

One early decision the dialog writer, the teacher, must 
face is what to write dialogs about. At present the 
use of computer based dialogs is experimental and 
untested. In many areas little concrete evidence exists 
to show that dialogs can do a more effective job in 
teaching students that other methods, although many of 
us believe this to be the case in some situations. 

Hence, the burden of educational proof is on the dialog 
writer. He cannot assume that simply because he puts 
standard existing material into dialog form in trivial 
ways that he is improving the teaching situation. 
Furthermore, the preparation of extensive dialogs is a 
lengthy job, putting a premium on making wise choices 
as to what to write a dialog about. 

One way to approach the problem is to ask where one 
could, within the teaching of a particular subject area, 
gain some unusual leverage with computer dialogs. The 
answ^' to this question would perhaps be different for 
different areas , and could only be given by someone with 
an extensive knowledge both of subject and pedogogy. it 
does seem important to ask the question, and to cone en- 
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trate dialog efforts in areas that look promising for 
this technique. It is reasonable to debate with 
colleagues as to where the effort whould be concen- 
trated. 
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A dialog which recreated a book, or a printed program 
text, or some other teaching method, is not likely to 
have long survival value. Perhaps when the cost of 
computer usages is considerably less than it is today, 
and when we become more knowledgable in the use of 
computers, the computer may replace the text, but this 
is far in the future. A corollary is that it is too 
early to prepare a complete computerized course; we 
should concentrate on small segments and study their 
effectiveness. Innovation in many directions is still 
essential here. 

A class of powerful dialogs are the remedial dialogs 
which try to determine the students* weaknesses in an 
area, and give him assistance just where it is needed. 
One useful trick is to begin by assuming that the 
student does know the area, giving him a series of 
questions which selectively test his knowledge, perhaps 
by working examples. These problems need not be 
difficult; if they are to be repeated they can be 
"generated"* by means of a problem generating sequence. 
The student will only be sent into the remedial parts 
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of tho diagram if ho cannot handle these problems 
after several attempts (to allow for the usual typing 
errors). This approach has the advantage that the 
student receives assistance only in those areas where 
he is weak* so the program can be responsive to his 
needs. One variant of this is the dialog which tries 
to assist the student who has had trouble working a 
problem, finding where he had trouble and giving hint 
help. 

Another area of the sciences where we think that dialog 
material will be particularly effective is that of the 
interactive proof or problem. The idea is to allow the 
student to try to p rove some of the important results 
of the course partially on his own, making choices and 
guesses along the way, perhaps in response to sugges- 
tions in the program; thus the process of developing 
difficult proofs can be made on active process rather 
than the passive one of listening to a lecture. Simi- 
larly, a problem at the c o mp uter has advantages over a 
text book problem; you can, for example, make the 
student ask for information, rather than giving it all 
to him in advance as in the typical textbook problem. 

So he must decide what information is relavant. 

MECHANISM 

How should the dialog writer work? As with matters of 
style tills is very individualistic, and further will be 
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heavily dependent on the facilities available. All 
that is attempted here is to mention and comment on some 
of the possibilities. 

After the basic area has been chosen the author will 
make at least a brief outline of his "mainline* 
approach, showing the material to be covered. A one- 
page outline is often useful. 
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Some authors will develop the mainline almost fully, 
with the messages that will be typed to the student in 
full detail. Then they will go back and fill in bad 
branches and loops, or other mainlines. However, some 
teachers prefer to work on a "frame by frame" basis, 
outlining the principle development briefly, and then 
going sequentially through the program branches along 
the way. My own preference is for the second style, 
although with very complex dialogs the sequential 
approach may present a problem in keeping straight 213 
to where one is along the process l The second approach 
has a psychological advantage in that it makes the 
teacher think all along as to how to respond to the 
student who is confused or who does not know hat he is 
doing, while the mainline approach may lead one to be 
impatient in filling in the details. 
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First there is what might be termed the "Coursewriter 
approach", the one the original developers of the 
Coursewriter language in IBM seemed to have in mind. 
This involves the author , the teacher , ir> using the 
language itself in writing the dialog, writing state- 
ments directly in that language as he thinks his way 
through the program. Many such languages exist, but 
most have seen little usage; Coursewriter has seen 
wide use. 

A second approach is for the teacher to work in 
developing the dialog in a (modified) flow chart form, 
in a way that does not depend on the details of 
computer mechanism to be used; a variant is to use 
decision tables. The teacher sketches out the conver- 
sation by a series of boxes, divided lines, and other 
graphic aids, showing what he wants to "say* to the 
student, what responses he wants to handle, the messages 
typed or displayed for each response, etc. 

A third possibility is the use of a facility that 
prompts the instructor, sitting at a terminal, for the 
various pieces of the dialog that will be necessary, 
like the Scholar-Teach system or the Ditran system 
developed by Hoah Sherman at the Lawrence Ball of 
Science at Berkeley* 
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GOALS 

Perhaps some brief comments should be offered concerning 
short term versus long term goals; in any teaching 
activities we should decide what we are trying to do. 

If we consider a science course, there may be a factual 
piece of information at a point in the course that the 
student is to learn — the standard theories that already 
exist in the area, the a ithematical techniques that go 
along with these theories, etc. But our interest in 
science teaching is not all archival, intended to 
persuade people to look admiringly at these lovely 
mental structures of past science. Rather we hope to 
produce people who can go ahead and use this information 
in one way or another, modestly in developmental work 
or in great creative leaps beyond the present situation 
in science. Teaching factual material is one task, but 
being able to use it is often a different matter. The 
moment of truth for a student in a science course comes 
when he is asked to work difficult problems, problems 
which demand that he take the information and techniques 
presented and obtain new information. The long range 
goal of most science courses is to produce people who 
can make lose of these developments themselves. 

Long range teaching goals should be kept in mind by the 
dialog writer, and stressed in whatever way possible. 

It is very easy to ignore them, because they present 
much greatnr, teaching difficulties £haa the mere 
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presentation of information. Teaching students to 
successfully tackle difficult problems is a hard task. 
The heuristic strategies involved in problem solving, 
for example, are seldom discussed with the students 
{a glowing exception is George Polya* s book. 

How to Solve It ) . 

Although these comments on goals are directed toward 
science courses, the consideration is important in 
curriculum development in all areas. 

STYLE 

It is unwise to be doctrinaire about style, even more 
so than in the rest of this discussion, because style 
is so individualistic. It seems reasonable that dialogs 
should not always be in the same style ; different people 
have different ways of writing. 

One tendency is to approach the problem of writing 
student-computer dialogs as if writing a text or a 
paper. But the difficulties are really greater with 
dialog material, and the style of the dialog should 
reflect these differences and difficulties. With a 
text most of the concern is with the "main line"; tie 
right way of handling the developing material. Usually 
only one main line is considered, although occasionally 
alternate proofs may be given. A dialog may not only 
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include multiple main lines, to react to different 
ways the students may proceed, but it must also spend 
a great amount of energy and effort in sections that 
never appear in texts — wrong approaches, mistakes which 
you should respond to in some reasonable way, remedial 
assistance for a student who is having mathematical 
difficulty: If computer- student dialog is to prove 

valuable it will need to be more responsive to student 
needs than a static text book. This means that the 
non-main line sequences are extremely important for the 
dialog; much of the time typical students are likely to 
be in these areas of the program. 

Host of us feel that dialogs should resemble a conver- 
sation in some way: The name dialog suggests the model 

of the student conversing with the teacher in his 
office; the teacher asks questions which are designed 
to help the student learn the material. Clearly we 
cannot fully realize with the co m puter, the model of 
the office conversation and some people object to trying 
to make a computer dialog look like a student-teacher 
discussion. However, it seems possible to follow this 
model to tost extent; my own tendency is to believe 
this is a viable approach. 

The model of human dialog suggests that computer dialog 
style should be more like that of a conversation , and 
less like that of a book. Talking is more informal than 
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writing, and often more redundant. Humor, and light 
touches, are desirable and welcome, although experience 
shows that not everybody agrees as to what is humorous 1 
Informal language, as opposed to elaborately structured 
and carefully formulated sentences, is desirable. While 
some people talk in long and involved sentences# the 
type that one sees in learned articles, this is rather 
rare, even among college instructors! 

Another issue in which dispute exists, but little 
empirical evidence, is the question of the use of a 
first person style. Most of the dialogs developed at 
Irvine have used the first person style, while most of 
those from Berkeley on the Irvine system have not. The 
Irvine students, when queried about the first person 
style, supported its use. But this does not demonstrate 
that such a style is necessarily desirable. More 
information is needed, perhaps through psychological 
studies, as to whether the computer should be typing 
"I* . Currently we are running one dialog with two 
branches, randomly chosen, one of which uses the first 
person, one not. 

The student has a number of ways of interpreting such 
an "I" in a computer dialog. Be may think of it as the 
author of the program, rather than the computer itself. 
You can, if you want to in your dialogs, identify who 
you are, and this might make "I* m or e natural. 
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Moro generally tho question of how style influences 
student response is undetermined- It has been 
suggested that relatively small changes in style, in 
for example technical vocabulary, may have considerable 
influence on student output, but no evidence exists; 
again this year we are running a randomly chosen two 
branch dialog to explore this question* 

Perhaps one of the hardest things for the teacher to 
keep in mind in preparing a dialog is that he has very 
limited facilities at his disposal for analyzing the 
student response* -Even a carefully organized -and 
prepared dialog will often miss the meaning of what the 
student is typing, even though the dialog has aiready 
been improved from past student usage* The computer 
is not a person, and does not have all the resources 
for dealing with the students* comments of an actual 
teacher* Largely we identify responses by string 
matches, looking for key words or letters in the input* 
Even with elaborate care for different types of string 
matches, we cannot react accurately to everything the 
student says, and certainly we cannot currently approach 
the capabilities of human beings* Care in how the 
questions are stated is valuable, but does not do the 
entire job. 

This weakness indicates that a degree of humility and 
modesty is required in the response to student comments. 
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particularly the comments which we have been unable to 
analyze and which we presume to be wrong. To tell the 
student unequivocally that he is wrong is often 
dangerous, except in environments where the response 
is carefully controlled by the situation, or where 
extremely detailed analysis of the input is made. Your 
program may be missing an unusual variant of a right 
answer. 

Along with the previous suggestions a pedagogical point 
seems reasonable. A tendency exists, particularly with 
impatient individuals, to be scornful of the students 
lack of success in a particular place in the program. 

I think it fair to argue that abusive language, or 
language which questions the student's intelligence, is 
seldom desirable in a teaching situation, either in 
direct conversation, text, problem grading, or dialog. 
Thus it is not desirable or reasonable to call a student 
"stupid" because he did not put in the response you were 
looking for at a particular place. 

A tendency exists in employing technological aids to 
education to allow the technology to control. This 
seems, to be a mistake; the teaching aims and teaching 
purposes should always be in the forefront. Thus in 
applying computers to physics one should resist the 
temptation of being guided by the facilities available. 
Rather the primary emphasis should be on what you want 
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to teach and how you want to teach it, the pedagogical 
aspects. Ideally the author should develop the dialogs 
without much regard to the details of how they are going 
to be put on the machine, although he needs to have some 
background of what is possible with the computer. 
Pedagogy should take presidence over technology in all 
cases. 

A stylistic tendency noticeable in some new writers of 
computer based teaching material is to spend too much 
time in talking with the students, accepting only 
trivial responses and typing long messages. We might 
call this the "textbook disease". There are places 
where one does want to type long messages, or interact 

only minimally, but a dialog which does only this is 

\ 

not worth putting on the computer, since it becomes a 
book typed to the student. A dialog writer should ask 
how he can involve the student in a different way than 
a book would involve him, getting him to make meaning- 
ful responses which contribute toward learning. Inter- 
esting sidelines involving much typing can be made ' 
optional; thus, in a physics dialog, historical discus- 
sion of the issues may not be of interest to all 
students, but may interest some. Letting the students 
make a choice in such situations seems reasonable, and 
increases the flexibility of the material* Similarly, 
a review might be optional for the student who has done 
well, but automatic for the student who has not* 
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In many instances it is reasonable to allow a student 
several attempts at the answer, perhaps even a large 
number of attempts. There should, however, be an 
eventual exit in all cases, to avoid having the student 
trapped at some point and not knowing what to do to get 
out of the trap. Setting of counters and testing on 
counters can allow flexible looping for additional 
tries. You can have a series of hints, successive 
pieces of advice, which can be given to students not 
putting in the expected results. 

You can give advice particularly tailored to things that 
the student is typing that seem to be wrong. For 
example , if you are expecting an equation and the 
student is not entering an equal sign or some equivalent 
word, then you could stress that you are looking for an 
equation, and not identifying it in his input. You may 
expect a formula or equation that contains certain 
symbols, but those symbols are not present? hence based 
on the information about what is missing it may be useful 
for the student to try the question again. If the student 
has part of the answer, but is missing some things he can 
be asked to enter only the aspects previously missing; 
<3on # t require sore typing than is necessary. 
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In looking for verbal input, it is often a good policy 
to look for only part of each key word, thus bypassing 
some of the problems of bad spelling or bad typing. 

You might also look for likely mispellings ; this is 
much easier to do when you are revising the dialog. 

The amount of retries and specialized advice can of 
course vary from place to place within the dialog, 
with some important results it may be good to give 
the student many many attempts, but in other cases it 
may be unreasonable to do this. The dialog author 
can spend an infinite amount of time on any one ques- 
tion in the program in an attempt to analyze the 
student response. But he should use judgement as to 
where a point of diminishing return is reached, usually 
a pedagogical decision. The author should also be 
prepared for the fact that if he has an extremely 
complicated analysis at a particular spot, involving 
many tries, and many pieces of specialized advice for 
wrong inputs from students, programming errors become 
more and more likely as the complexity grows. 

It is not always necessary to do an analysis of the 
student's input* In some situations the program can 
simply accept the input and go on* Thus, it might be 
that you will want to get the student to think about 
the material, and to have some pause in between sections 
of material. Or you may want him to make an input but 
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at a particular spot, involving 


choose to respond to some key words. But the teacher 


pieces of specialized advice for 


can examine these detailed comments and determine if 


.udents, programming errors become 


they do in fact indicate that most students understand 


as the complexity grows. 


the material that he has tried to cover. This 
mechanism can also be used for getting feedback to the 


fessary to do an analysis of the 


students. A student cam be asked to sign his questions 


l some situations the program can 


or queries, with the promise that the reply will be 


put and go on. Thus, it might be 


coming soon. 


:o get the student to think about 




> have some pause in between sections 


One stylistic question on which there is not universal 


t may want him to make an input but 


agreement is the necessity for what the behavioral 
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psychologist calls "positive reinforcement". A view 
which is supported by many psychologists and teachers 
is that when a student makes the right response he 
should always be told that he is right. However, others 
argue that we do not do this in normal conversation, 
and so are not willing to do it at all times. One can 
of course have compromise positions, sometimes 
responding favorably to correct answers, sometimes not. 

I tend to believe that it should be done frequently but 
not all of the time. 

A place in dialog writing where imagination tends to 
be limited is the constant need to say the same basic 
thing over and over, but in different ways. The typical 
situation is "try again" , the response that the student 
should attempt the question at least one more time. 
Congratulating him on a right answer is another similar 
situation, reinforcing his response. It is convenient 
to have built in facilities to vary the choice here. 

One of the most important aspects of the dialog is the 
ability to respond reasonably to the wrong answers. If 
a student says something which is wrong and you can tell 
him why it is incorrect, and perhaps give him another 
try, then the dialog is serving an interactive function* 
In thinking about the possible responses for every 
question the teacher needs to consider what the student 



can say 
reasona^ 
discuss 
devote 
than to 
more, 
slip by; 

Feedbac 
It has 
back fr 
in irnpr 
This is 
hopes i 
teachin 
the bes 
in deal' 
critical 



The que 
use of 
should 
should 
kind of 
studen 
the nex 
oneself 
get tha 
dialog. 



i a 



['positive reinforcement”. A view 
sy many psychologists and teachers 
=nt makes the right response he 

that he is right. However, others 
do this in normal conversation, 
jLng to do it at all times. One can 
roraise positions, sometimes 
|v to correct answers, sometimes not. 
lat it should be done frequently but 



riting where imagination tends to 
>nstant need to say the same basic 
but in different ways. The typical 
gaii*, the response that the student 
quei tion at least one more time, 
on a right answer is another similar 
ing his response. It is convenient 
cilities to vary the choice here. 



19 



can say that is not right, and whet response is 
reasonable. This is not necessarily easy, and some 
discussion with others may help. Good dialogs often 
devote more of the program to respond to wrong answers 
than to the mainline material, sometimes dramatically 
more. Don't worry about how the professionals^ can 
slip by; the dialogs are written for students . 

Feedback 

It has already been suggested several times that feed- 
back from student use of the dialogs can be important 
in improving the dialogs for later groups of students. 
This is indeed a very powerful tool, one of the main 
hopes in producing dialogs which will be an effective 
teaching device. Dialogs as initially written, even 
the best ones available today, are not very successful 
in dealing with student response, so feedback is 
critical. 



ortant aspects of the dialog is the 
reasonably to the wrong answers. If 
thing which is wrong and you can tell 
rect, and perhaps give him another 
g is serving an interactive function, 
he possible responses for every 
r needs to consider what the student 



The question of what feedback is wanted from student 
use of the dialog, and how the feedback is to be used, 
should be carefully considered in advance. The dialog 
should be consciously planned to give internally the 
kind of information that is useful in analysing 
students* responses, using this information to improve 
the next version. One must be careful not to bury 
oneself under too much information, for example, but to 
get that information that is relevant to i mprovi ng the 
dialog. 
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Normally in the physics conversations developed at 3 

Irvine we have found it reasonable not to save all c 

student responses , because witn large student usage c 

so many of these would be obtained that they could t 

not be analyzed successfully* What is usually helpful 

in improving the conversation are responses that could I 

not be responded to either favorably or unfavorably. i 

^ome of these responses may be right answers, but t 

answers that your matching program was too crude to a 

find* Others may give further suggestions as to what * 

students are likely to say that is wrong , and that o 

should be commented on* The saved responses may also b 

indicate areas in the program which are extremely weak, 
and which need to be extended, or may indicate ambiguous 
terminology in the question being put to the student, or 
a poor stylistic approach* They can even indicate that 
the student's use of the English language is at vari- 
ance with the teacher's uses* In saving responses it 
is valuable to store also information which allows you 
to identify the responses by who entered them* Thus 
some insight into the problems of the dialog may be 
obtained by watching the progress of individual 
students . 



The author should also consider whether he wants to 
keep a numerical record or performance during the 
dialog — how many things the student got right? which 
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e physics conversations developed at 
found it reasonable not to save all 
ses , because with large student usage 
e would be obtained that they could 
d successfully. What is usually helpful 
e conversation are responses that could 
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use of the English language is at vari- 
^teacher’s uses. In saving responses it 
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nto the problems of the dialog may be 
tching the progress of individual 



loops he got into# etc. Again, some thought in 
advance as to what information should be gathered 
during the student performance, and how that informa- 
tion is going to be analyzed, is important. 

The author needs access to convenient sorting programs 
in handling these responses, sorting both on the loca- 
tion within the program at which the input was obtained 
and on the inputs associated with each student. The 
results, with a large class will be extensive; with this 
output the author can then set to work on the next, and 
better, caneration of the dialog. 



aid also consider whether he wants to 
ail record or performance during the 
ny things the student got right f which 
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APPENDIX 

SAMPLES OF DIALOG USAGE 



Student input underlined. 
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l.,_ filmed fr om best available copy 
*“■ rrrTTTj. ft hue? 

F 'IEKC TYFF ft! jJCNTJFKftTiCtl 
- 7 CMFfRCTERS. OR. LESS TIFF FI- 

FK. s :lCS:oI:: OUl?jc 



TFT FO-Ll CHINO. GU&$TK4<S l£0 It i ftLL> fiFE 
CONCERNED KITH THE DIRECTIONAL PROPERTIES 
OF MAGNETIC FOPCES AND MfiGNETTC FIELDS;. 

IF YOU i-o HOT KHOW THE ANSWER TO 0 
CUES T I ON PHD ION’ T WANT TQ GUESS? STRIKE 
ft CftRRIftGE RETURN. 



WHEN READY TO PROCEED* HIT ’RETURN*. 



PART f rOUESTIOt® I-F-I TRR mOFTS PHD COMPftSSES. 

m 0 -y — — r 



»»1.- Tt* 4 0 BftP riBGNETSr BRE ffRFflNGEP RS 
SHGMH \iF.F:E. 



*• . — » :< — ; ik 

!M S! !M S ! 

» *• fl> » 



DOES TFC MAGNET Oft THE LEFT EXPERIENCE 

ft. no met fc-fce 
a ft NET FORCE TO THE F IGHT 

d» ft net force: to the left 

OP 1ST IT CAUSED TO ROTATE 
D. CLOCKWISE 
2. COUNTEF.CL CCKHI SE 
PLEASE RES-POND WITH ft SINGLE LETTER: 
ft? B* C? D* OR E. 



?D 



HO. REfiL LIFE MAGNETS » NOT IDENTICAL ftND NOT 
PERFECTLY FiLIOED? MIGHT*. TEND TO POTftTE < C'UF: 
IDEAL MftCMETS ARE IDENTICAL ftNP PERFECTLY 
fiLIGMEB. TRY ftGflIN. 




NO. 

r * r M - * - FPRTF TO. TO THE RIG 
F. i < r FI I l: F F f UM.IKE ftti 



. TFC CLOSER 
ATTRACT. 



FILMED FROM BEST AVAILABLE COPY 



rtro rrrr-n. - - 



. tr r r : i • • i u . *• 

THF FRIP r*Ot; LOOP L II E TM ; : 



•l* S! f: l»* 



JO THE PPCHETS RTTRRCT • FEF*EL ? OF 1FNP TO 
POTRTE^ 

? fefel - t think 

F: IGF IT. 

THE MAGNETS REFEL. THE PPirCIFflL EFFECTS 
COLE FROM TFE LIFE POLES CLOSEST TOGETHER. 



NOH HE RRRRNCE CUR 



ipenticrl mrgtcts 

THIS FASHION. IS 
THERE ftMV NET 
FOFCE BETWEEN 
THETf? 



IN 



N 



» :<s 



# # 

( 9 I 



! N 1 



? VES _ 

C EFFECT. 

IS THE tET FORCE RTTPACTIUE OP REPULSIVE? 



7ATTRACTIVE 



THflfPS FIGHT. 

THF OFFER FRIP OF UNLIFE FOLES ATTRACT* AND SO 
PO THE LOHEP PfilFS:. 

iruriliEMTRLLVj RS THE MAGNETS RFE PRAWN 
TOGETHER, PO THEY ROTATE? 

? NOT IN THE I PERL CRSE^ 

THAT'S RIGHT. 

TFCPE IS NO ITT * * FCUE. 
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ERIC 



I'M- 

* • 1 I *! *" E ■* f’’*( ] f *7 

I •* ELI TF HP FT IF 1 

TC E?' ,: F If nr: IlrFCTIOM. ■: 
n J; FLKCI* ]N A ) 

* 'EFT ]r‘ FL PHONETIC FIELP 1 

A c JNBICAIFI IV TEE 1 

OFF CHS AT IFF FIGHT. T 

LEVS I F ' 1 * H COUPLE 

or \e*vk« w err ions ? 

FIRST* IC€S THE t 

MPGNET EXPERIENCE A T 

NET FOFCE? ? 



T T 
•t 1 
1 
•1 

1 

1, 

T * 
T 1 
t T 



^ VFS 

K'- IT POES NOT. 

THE NORTH Of IP SOUTH POLES E>T EF:3 
EOUAL RNP OPPOSITE FORCES. 
SECOND* ICES THE MAGNET EXFERIE 
TOPCUE? 



PLEASE TYPE R SINGLE HOPP, YES C| 
?NO 

IN FfCT , IT POES TEL® TO ROTATE.! 



; • wS. IECRLISE ry THE TOPOUEt 
TO RLIGN ITSELF IN THE FIELP. If| 
RBOLE (WITH CHEST I ON 4), HILL TF 
UNTIL ITS NORTH RCLE IS RT THE T| 
RIGHT- CR BOTTOM? 

? ST OR 

USE THE SAME IPENTIFICRTION NEXT 
YOU USE THIS FROCRRN. 

YOUR IDENTIFICATION HRS ALFRED 
GOODBYE 
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FILMED FROM BEST AVAILABLE COPY 

— - - a egaa y r i , u ^ 




FFECTS 

OCETHEF:. 



ril- *FF ►■ 

«?»ir n'^n t“^ 

1 U! "FF H;I» FFF E 

tc r* " 1 -r ;r mv : iftctich. 
n j:* flfcct ir h 

•VFTIfFL PROHE-TIC FJELI' 

R‘* n-lUCRFI I V Tl-T. 

RF F016 Ml I Ft F iCHT. 

LEV*: TF V R COUFLF 
OF *. ESvf-O «€?TJOHS 
F JF.CT • ICES THE 
HPCMET EXPERIENCE R 
f€T FOFUF? 



• t ? » 1 i ■* ; i 

i : * ? i T f 1 

1 ? t ! 1 .■ * 1 

*: ^ *! *i *t. r; •* x 1 

] T T 1 ✓ ,* I T 

1 t 1 \s . T 1 t 

1 1 *T x 1 1 1 

1 1 t > . T *T 1 T 

\ 1 .*'• t t *T t 

T IV $: ✓*T T T 1 T 
t t ^ t t t t t 

T T T T T t T t f 

T t T T T t T f T 



y/Fg 

MO? IT KCS MOT. 

THE MOPTH arm SOUTH POLES BPEF:IEMCE 
EOURL RND OPPOSITE FORCES. 

SECOND* ICES THE NRGNET EXPERIENCE R NET 
TOPCUE? 



PLERSE TYF-E R SINGLE IT ORIU YES OR NO. 
?N0 



in frct? it does tend to fotrte. 



JECRUSE OF THE TCPCCE? THE NRGNET TENTHS 

ULSIUE? TO ALIGN ITSELF IN THE FIELD. IN THE DIAGRAM * 

RULE WITH GUESTION 4), HILL THE MAGNET SWING 
UNTIL ITS ffljRTH POLE IS FlT THE TOP? LEFT? 

RIGHT? OR BOTTOM? 

=fiCT? AND SO ?STOF 

: :AWN LISE THE SOLE IDENTIFICATION NEXT TIME 

YOU USE THIS FFOGRAM. 

YOUP IDENTIFICATION MAS ALFRED 
GOGDDYE 
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FILMED FROM BEST AVAILABLE COPY 



A* 



I i I M| »t IL 1 i t V-L. 



.Lm:.L tYI L mu ill . 1:1 !i Ju I :U 
7 CHflFfCTERS OF* LESS - - - HL FFEli 



ET'S LOOT AT THE RLC.EIRP OF COHFL.E:: I ?UHI€*F*E: . 
HAT IS 

l £+ 3 * I) + * 7 - 8 * I) 

CURL TO? 



'-51+8 

.Ott.’S FIFE 

tOW LET'S TRY SOME MULTIPLICATION OF 
XMFL EX NUMBERS. 

JHfiT IS: 

i^+£*I)*(-c:+3*T) 

ICURL TO? 



■>-13-3 



1 • 



I ION'T FOLLOW m». TRY RGRIN. 
WHAT IS: 



f 4 +c^n»<“c!+ 3 *I) 



EOURL TO? 



?-13+8I 



I CAN'T RECOGNIZE iWP PESFONSE. M* LTIPLICRTIGN 
OF COMPLEX NUMBERS IS MERY SIMILAR TO 
MULTIPLICATION OF POLYNOMIALS. 



*R+B)*rC+B)=A»C +R*B +£*C +E*D. 



O.K* NOW TRY flGRIN. 
WHAT IS: 

M+£*n*<-£+ 3 *n 

ECUAL TO? 



V--* 0 I 



* !•$ IT! 



• * , i - R3‘J» Hi 

CONFLF X r CHIEFS. f.ET'S [| 
FIV CF TLTF FFOFFFT 1FS. 

NOTE* I PILL USE THE NOTE 

e:fo:i 

TO IEr»OTE THE f 3JMIEF: "P 
FiMEF :* t'HE.FF ' E" JS TFF 
BASE • i E-c . 7 1 Sc'S • •••••) 

CAN YOU EUTEF* THE REAL FfJ 
COMPLEX NUMBER: 

E/pri^pj^*?) 

WFCFE FT EOURLS THE USUAL! 
RHP I=SCR(-1>. 

?HO 



RFE yOU FRMJLIRR WITH COM! 
EXFOHOfTTRLS? 



?NO 

THE F UMI*RMEMTRL FrELRTICCt 

EXP ( I »y.} =COS IX) +I*SIN (X) 

PM GOING TO RSK YOU TO R<] 
ft MRTHEMRTICRL FACT HITHOlJ 
LET'S PRACTICE USING IT 

WHAT IS: 

exp<t*pi) 

EOURL TO? 



?STQP_ 

USE THE SAFE IIENTIFICRTIC 
YOU LISE THIS PROGRAM. 

W.F IltTaiFJCfTION WRS 

aoi»Ki f 
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FILMED FROM BEST AVAILABLE COPY 



i HUT MJILTjFL V 

ecu* if: ki-wfs. iet's Em on o 

FEU OF T U‘JF' FPOPEFTJES. 

NOTE: 3 t* I LL L3£ THE NOTATION 
e:f-i.v) 

TO lENOTE THE NUMBER "E" PR 1 SET* TO THE 
POMP :• t'HE.FE * E“ IS TFE NATURAL LOGARITHM 
IPSE. iE-c‘* RISES ) 

CAN ‘.00 EHTEF’ THE PERL FART OF THE 

confle;: numbers 

DPfWI/?) 

MHEF£ PI EPURLS THE USUAL 3.1*159 

RHP I =SOR t — 1 ) . 



?N0 

RPE VOU FRMILIRR WITH COMPLEX 
EXF'tt’O (T I ALS^? 



?NO 



THE FUrffiRMENTAL F1LATICN MET NEED IS 

E>Pa^>:)=COSiX)+I>SIHrx) 

I'M GOING TO AJX YOU 10 RCCEPT THIS RS 
fi WTHEMRUCRL FRCT WITHOUT FPOCF.... 
LET'S FRRCTICE LOSING IT HOHEUER. 

CATION WHAT IS: 

EXPCI*PI) 

EOURL TO? 



?STOP_ 

USE THE SAFE IIOITIFICATION NEXT TIME 
MXI USE THIS PFtTGPRM. 

WF IlfTO-IFICPTIOf^ WAS ALFRED 
n: 01*10 E 
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FILMED FROM BEST AVAILABLE COPY 



A-»> 



rrr iiiwr-r. 

- “Ft-uGKHM name'* 

LEASE TYRE AN irOITIFICPTTfti 
7 CHARACTERS- OR LES S FLRRFP^ 

HAT I I'EHT J F I C AT I ON HAS- IE EH USED PEFOFE. 
AS: IT PY YCli? 

' VFSl 

!E HILL CONTI HUE FROM l HERE YOU LEFT OFF 



R-1 PROGRAMMED TO LJSCUSSS HARMONIC OSC 1LLATORS 
if Hi THEIR ’EOLATIONS OF MOTION’? PUT FIRST 
WOULD LIFE TO DISCUSS THE FCRCES EXERTED BY 
TRINGS. IF YOU FEEL TFAT THIS ISN’T NECESSARY 
YFE ’GO ON* AND HE WILL FFECEEI' WITH THE 
•IA PHONIC OSCILLATOR' FPOGFAM. IF YOU AF'E NOT 
TMILIAR WITH SPRINGS JJS-T PRESS ’ RETLRN-’ 

> r,0 ON 

H HEL I CAL SPRING IS A CLAS-SIC E7AMFLE OF 
i PHYSICAL SYSTEM THAT C BEYS- HOC* ES’S- LAW. 

_ET F- THE FORCE EXERTED PY THE SPRING WHEN 
IT IS STFE TCHFP AH ANOINT X? LE.T K= TFE FORCE 
=ER UNIT STRETCH fTHE SPRING CONSTANT). * 

.-IF-rTE AM EC NATION EXPRESSING HOCEE’S LRU 
F — v x 

IF.THE SPRING IS STPETCPED TO TFE RIGHT? 

TAX RESTORING FORCE IS TO TFE LEFT. 

TRY AGAIN 

F= - K « X 

* EPS’ GOOD. THF MINUS SIGN IS SUITE 
II FCRTf-MT. 
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i . 
i , 



i . .. . 

- 1 
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i 



! 1 F. ETC PEL 

. TP INC- SFF'H K.- SFRNG-SF-r 
1 FETCHED 

; FF- inc,-sF f- ir SRF- ] r s fi- 



nch the fcfce exerted re a s tfetI 

COULIf PE USED TO ACCEL EFRiTE SOMEL 
EXAMPLE , WE CC*ULP IMAGINE »£ EMI 
SPRING CLAMPED TO A RIGID WALL hT 
M ATTACPED TO TFE OTHER. S-LPROOeI 
TFE NASS A DISTANCE X TO THE PK-f 
FELEASE IT. AM EOUATION CfiN PE Hi 
ALLOWS: US TO RFXDJCT THE SJJBSEcd 
OF THE MASS. WRITE SUCH AN EOUATI 

s r^yi 

O. F :. PUT THAT EOUATION IS OOITE 
HOFEUER. I’M LOOKING FCR AN ADRFl 
THE L f 'US OF MOTION TO OUR PARTinl 
PFOPLEM. WHAT IS THE EC.UATim pnf 
FOFCEC 

f= -f x 

RIGHT. 

SO FCR OLR: FART I C LEAF’ FROBLEN 
WE COLO WRITE-* *X=M*A 



PUT LOOP HEF£: X MERSUFES PATH TFi 
CPIAftE IN LENGTH OF THE SPRING Af| 
DISPLACEMENT OF THE NASS. SO FOP 
UELOCITY IE COULD WRITE 
U=D»DT=X» 

WRITE AN EQUATION FOP THE ACCEL 
A- CI’ ’ 

EXCELLENT. 

I FCFE I’UE IEEN INTERPRET I fG YC4 
CORRECTLY. I HE PEEN PROGRAMMED 
RECOGNIZE THAT 
L«=DX/HT=X» 

AND - 

a- K‘-i'T- x’ ’ 
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_hTOPS 
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n by 

[5.SRRY 

)OT 



hn 

?RCE 



- ' I. K-lFfTChEL 

i . • 

! ••• * — 5 TF I f !•> GFF II 1C- CF PI MGr S FFrl I IG — M ;• 
i , .• v < 

! ■ - ' : IP-FTCFTI' 

• . . 1 

! . ... 1 $FF IMC.-FFF Ititi.-ff F Jr'C.-SFF jHO-F.rRliiG v M > 

!■••••' i — :=•: — t 

t I 

now thf force exerted by a stretched spring 

cell I' BE USED TO ACCEL EF-fiTE SOMETHING. FOP. 

example? he coulb jmrgi ne one era* of the 

SFFTI'G CLf*HREI« TO Fl RIGID MOLL RHI' fi HASS 
M FiTTfiCFEIi TO THE OTHER. SUPPOSE t-E DISPLACE 
THE MASS fi DISTANCE X TO TUT FIGHT? SHY? AND 
FELtr'SE IT. fiM EQUATION CFlM PE WRITTEN THAT 
ALLOWS OS TO FPEDICT THE SUBSEQUENT MOTION 
OF TFC MASS. WRITE SOCH Fft( COURT I ON. 

O.L. Iirr THAT EOOfiTIOM IS QUITE GENEFAL. 

HOFEUER? I’M LOOMING FCF: FT) ADAPTATION OF 
THE LAWS OF NOTION TO CUR PARTICULAR 
PROBLEM. HHfiT IS THE EQUATION FOF: THE 
FOFCEC 

F= -LX^ 

FIGHT. 

SO FOF: OOF: PARTICULAR FFOPLEM 
HE COLO WHITE-* *::=N*fi 



BUT LOW HERE: X MEASURES BOTH THE 
CHfifCE IN LENGTH OF THE SPRING fiNIi THE 
DISPLACEMENT OF THE MASS. SO FOF - THE 
VELOCITY t-E COULD WRITE 
U=px-i.T=X» 

WRITE AN EQUATION FOP THE ftCCELERP.TIOM: 

A^::’ » 



EXCE’J-ENT. 

I WEE I’ ME IEEN INTERPRETING YOU 
CORRECTLY. I HE BEEN PROGRAMMED TO 
RECOGNIZE THAT 



U=DX/'DT=X» 



H=-KL1'T-X ? » 
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